ABSTRACT: Digestibility of starch was examined in slow-growing cockerels of laying type (SG) and in fast-growing male chickens (FG) of broiler type fed ad libitum on a maize-type diet until Day 22 of age in one-day periods and from Day 22 to Day 100 in three-day periods. Digestibility was estimated using the chromic oxide indicator method. In SG chicks, starch digestibility rapidly increased within the first days of their lives and reached the value of 0.986 already on Day 4 of life. It was maintained on this level till the end of the experiment, which was finished at the age of 100 days. In FG chicks, which in comparison with SG birds consumed more than a double quantity of feed, high starch digestibility was observed as late as on Day 8. From Day 8 to Day 100 of age, starch digestibility slightly but highly significantly (P < 0.01) decreased. The average value of digestibility was lower by 0.008 in broiler type chickens than in SG chickens at this time; nevertheless, digestibility was never below 0.96. The difference was highly significant (P < 0.001).
Starch is the main source of energy in poultry diets. Variations in starch digestibility may strongly affect the energy value of poultry diets. Starch consists predominantly of α-glucan (ca. 99% of dry matter) in the form of amylose and amylopectin. The pancreas plays a major role in starch digestion when accessible starch in the duodenum receives pancreatic α-amylase into the lumen to hydrolyse α-(1,4) bonds and thus produce glucose, oligosaccharides and dextrins. Maltose and dextrins generated from starch cannot be absorbed in the small intestine. Absorptive epithelial cells produce a number of other brush border enzymes to allow for digestion and subsequent absorption of such materials. These enzymes are not released into the lumen of the small intestine but are bound to the membrane of microvilli (Tester et al., 2003) .
Chicks are very early adapted to starch digestion. They hatch with some reserves of amylase, which was accumulated during embryonic development in the pancreas (Nir et al., 1993) . According to Moran (1985) , α-amylase, maltase and isomaltase activities appear in the embryo on Day 18 of incubation and reach their maximum four days after hatching. Nitsan et al. (1991) found that maximum values for amylase in the pancreas were attained on Day 8. In the intestinal chyme the activity was very low at hatching and increased markedly to peak at the end of the second week of age. In an experiment by Akiba and Murakami (1995) the activity of amylase in the pancreas at hatch and 1 day after hatch was by 10% lower than that observed on Day 21 and rose gradually to the maximum on Day 3 or Day 4 of age.
The digestive enzyme activity in the intestine remained lower during the first 2 days in accordance with the low activity in pancreas and rose gradually to the maximum on Day 4 or Day 5 of age. Nir et al. (1993) determined activities of some digestive enzymes from hatching to 14 d of age in meat-and egg-type chicks. Pancreatic digestive enzyme activities were similar in broiler and egg-type chicks, but activities in the small intestinal contents were lower in meat-type chicks. In an experiment by Uni et al. (1995) enzyme secre-tion to the duodenum per gram of feed intake was higher in heavy-strain Arbor Acres birds than in light-strain Lohmann chicks on Day 4 after hatching but thereafter no differences were apparent. Starch digestion ranged from 90 to 95% from Day 4 to Day 14 in Arbor Acres birds, but increased from approximately 80% on Day 4 in Lohmann chicks to 93% on Day 14.
The starch digestion rate in chickens differs in dependence on feeds. Carré et al. (2002) found that starch digestibilities observed in maize were practically always rather high (> 0.96). In contrast, the variations in starch digestibility values between samples were much higher for wheats and barleys than for maize. For wheats, the values ranging from 0.903 to 0.967 were found out. Riesenfeld et al. (1980) determined starch digestion along the chick's intestine. About 65% of ingested starch was digested up to the end of the duodenum, 85% up to the end of the jejunum and about 97% at the terminal ileum. In an experiment with 3-week-old broiler chickens fed on a maize-type diet Svihus et al. (2004) found the ileal and faecal starch digestibilities to be 0.97 and 0.98, respectively, and Maisonnier et al. (2001a) reported the faecal digestibility 0.93-0.94. In another experiment, Maisonnier et al. (2001b) found that the starch digestibility of maize-type diet was 0.96 and that of wheat-type diet 0.82-0.87. In an experiment with 21-day-old broiler chickens Svihus (2001) observed that the average starch ileal digestibilities of wheat, barley and oats diets were 0.79, 0.96 and 0.99, respectively. Pérez-Vendrell and Brufau (2003) reported starch digestibility of the wheat-based diet in 21-day-old leghorn chickens 0.979 and Skiba et al. (2003) found starch digestibility of wheat ranging from 0.911 to 0.967 in broilers between 20 and 24 days of age.
The objective of this research was to determine the influence of age on the digestibility of starch in laying and meat-type chickens. To evaluate the effect of age as exactly as possible, it was necessary to carry out estimations in very short time intervals during a longer period of life.
MATERIAL AND METHODS
Effect of age on the faecal digestibility of starch was studied using 95 Isa Brown slow-growing cockerels of laying type (SG) and 52 fast-growing Ross male chickens of meat type (FG). Birds of each group were kept in 4 pens. Data collection from the SG birds began at hatch, while data collection from the FG birds began on Day 2. Until Day 22, digestibility was investigated in one-day balance periods and from Day 22 to Day 100 in three-day subsequent periods. Excreta of groups SG and FG were collected daily and pooled from all four pens in each balance period. Chickens were fed a starter diet during the whole experimental period. The feed mixture included of 510 g of maize and 120 g of wheat and contained 225 g crude protein, 422 g starch and 12.06 MJ nitrogen-corrected metabolizable energy per kg. The feed was supplied ad libitum and its consumption was recorded. For details about the environment including the composition of the diet see our earlier report about fat digestibility and nitrogen retention (Zelenka et al., 2000) .
The coefficients of starch digestibility were estimated using the chromic oxide indicator method. The content of chromic oxide in feed and freezedried excreta was estimated iodometrically (Mandel et al., 1960) and starch content enzymatically as described by Salomonsson et al. (1984) . The regressions of determined values and other statistical analyses were computed according to Snedecor and Cochran (1967) .
RESULTS AND DISCUSSION
Body weight, daily feed consumption and starch digestibility of FG and SG chicks till 22 days of age are presented in Table 1 . Growth curves of chickens and feed consumption till the end of experiment are in Figure 1 . In FG cockerels, feed intake decreased during the last balance periods and their growth rate was reduced. At the age of 100 days, the body weights of FG and SG cockerels were 6 640 g and 2 411 g, respectively. The values of starch digestibility during the whole experimental period are plotted in Figure 2 .
In SG chicks, which were fed immediately after hatching, starch digestibility was 0.967 on Day 1. It is obvious that the production of amylase, including amylase that was accumulated during the embryonic development in the pancreas (Nir et al., 1993) , was sufficient for the digestion of very low amounts of consumed feed (0.8 g). On Day 2 the production of amylase was not adequate and the digestibility decreased by nearly 16%. However, on Day 4 it reached the values adequate for digestion in SG chickens. Similar results were also published by Moran (1985) and Akiba and Murakami (1995) 
Starch digestibility reached the level of 0.986 and remained practically unchanged till Day 100 with only very slight fluctuations.
As compared with SG chicks, the feed intake in FG group was more than doubled. The production of amylase for such amounts of feed reached an adequate level as late as on Day 8 of life. This corresponds to results published by Nitsan et al. (1991) , who observed that the maximum value of amylase production in the pancreas of broilers was attained on Day 8. Till this age synthesis and secretion of enzymes from the pancreas to the intestine were in a developing stage and apparently insufficient. The starch digestibility in the ad libitum fed chicks probably reflects the maximum synthesis capacity of amylase at this age. Higher feed intake of broiler-type chicks is reflected in a larger amount of intestinal contents and a lower amylase concentration in digesta. In Week 2, when the capacity for enzyme synthesis is fully developed, the digestibility is no longer dependent on feed intake (Mahagma et al., ex Nitsan, 1995) .
From Day 8 to Day 100 the starch digestibility ranged from 0.9616 to 0.9965 and from 0.9784 to 0.9949 in FG and SG chickens, respectively. In this period, average digestibility in FG and SG birds was 0.9811 ± 0.00135 (mean ± standard error of the mean) and 0.9889 ± 0.00066, respectively. The difference of 0.0078 was highly significant (P < 0.001). Regarding the fact that starch represents the main source of energy in feed mixtures for poultry, this difference is important also from the practical aspect. In our experiment with a maize-type diet the digestibility values were higher than those reported for a maize-type diet by Maisonnier et al. (2001a) and similar to those published by Riesenfeld et al. (1980) , Maisonnier et al. (2001b) , Carré et al. (2002) and Svihus et al. (2004) . Dependence of starch digestibility on the age of chickens in days estimated in 41 balance experi- The deviations from linearity were not significant (P > 0.05). The starch digestibility in FG chickens decreased highly significantly (P < 0.01) linearly with increasing age. 
